Hirudotherapy (HT) is the application of medicinal leeches (Hirudo medicinalis) for therapeutic use. It is one of the oldest remedies, being employed by various medicinal practitioners. HT involves the attachment of cultured leeches onto the affected areas. Leech therapy involves an initial bite, which is usually a painless bite, followed by the sucking of 5 and 15 ml of blood. Its major therapeutic benefits are not only due to blood sucked during the biting, but also from the various bioactive substances, such as Hirudin, calin, Hyaluronidase, and Histamine-like substances, to name a few.
Introduction
The treatment of disease conditions with medicinal leeches is termed as Hirudotherapy (HT), a Latin term [1] . In this non-invasive treatment methodology, medicinal leeches (Hirudo medicinalis) are used, hence the term "Hirudotherapy. " The word 'leech' is supposed to be derived from an old English word for physician, laece [2, 3] . HT takes the advantage of several biological properties of medicinal leeches. Among these, the earliest known fact was that leeches feed on the blood of their host (phlebotomy) and, during the course, release pain-killing (anesthetic) and blood-thinning substances (anticoagulants) along with their saliva. For centuries, leeches were the common tools of physicians, who were of the belief that diseases were the result of an imbalance of various humors and that the body can be stabilized by releasing blood [4, 5] . Later on with due course of time, physicians employed these spineless blood-sucking animals as a remedy for a large number of diseases and deformities, from congested limbs to the treatment of various eye diseases. Modern leech therapy differs from the ancient therapy; nowadays, only the leeches, which are grown in farms and which have undergone strict quarantine, are employed for the therapy. Wild leeches are not used anymore and a leech is used for a single treatment [6, 7] . Today, scientific studies concerning the active substances in the leeches have given us a better understanding of how these annelids work and have increased the field of applications of this ancient therapy.
Historical Perspective Hirudotherapy (Leech therapy) is one of the oldest practices in medicine; it is known from the time of extreme antiquity and is still alive [8] . Leeches were used for treatment in Egypt as early as 1500 BC, where they were used to treat ailments, like nosebleeds and gout. Leech therapy was documented in Sanskrit writings from 1300 BC. Themison of Laodicea also reported HT in 50 BC [9] . Greek and Roman writings described leech therapy in 50 AD [10] . Therapeutic use of leeches has appeared in ancient Greece, China, India and PreColumbian America. Nicander of Colophon (200-130 BC) was probably the first medical practitioner to use leeches for therapeutic purposes [11] . Leech therapy is well documented in the works of Pliny, Galen, Themison and Avicenna [12] .
Leeches were named Hirudo medicinalis by Linnaeus in 1758 [13] . During the seventeenth and eighteenth centuries, leech therapy played a pivotal role in therapeutic practices, which involved bloodletting and purification, a practice employed to treat many ailments, from gout to headaches [14] .
The greatest use of leeches was in Europe during the 1800s. In 19th-century America, leeches were often a home remedy for gum disorders, hemorrhoids and large bruises [10] .
The major event in the history of leech therapy was the discovery by J.B. Haycraft, a professor at King's College in Birmingham, that the throat and mouth of the leech contained a substance that prevented the blood from coagulating in 1884. This compound was later isolated from leech saliva by Jacoby and was named hirudin around 1904 [15] . Hirudin was employed in a blood transfusion in 1915 [16] .
With the advent of antibiotics in the 20th century, however, the practice of leech therapy gradually lost favor [17] . Bloodletting using leeches and other methods enjoyed a revival in the early 19th century, particularly in France [2] . A specific area of leech therapy was soon to be determined by the surgeon Termier. He recommended the direct application of leeches in 1922. This technique was called "hirudinization of the blood. " In 1935, scientist Bottenberg established the general indications for leech therapy [18] .
Modern study of leech therapy began in the 1960s, when medicinal leech therapy achieved an international comeback, initially because of the spectacular results in plastic and reconstructive surgery for the treatment of postoperative venous congestion and graft rejections [10] .
Since the 1980s, leech therapy has regained recognition in the medical literature after initial publications by Upton's group; Mahaffey's team in Europe also gave this treatment modality new impulse [14] . The use of medical leeching in modern microvascular surgery and tissue transfer began when two Slovenian surgeons used the parasites to assist with circulation after a tissue-flap transplantation.
In 1983, Henderson et a1. reported a case where leeches were used in the post-operative treatment of a scalp avulsion case [19] .
In 1985, Harvard physician Joseph Upton used medicinal leeches to successfully reattach the ear of a fiveyear-old boy [20] Since then, leeches have been widely used to reduce venous congestion in fingers, toes, ears, and scalp reattachments, as well as to salvage vascularly compromised flaps, or muscle, skin, and fat tissue surgically removed from one part of the body to another, and replants, limbs or other body parts reattached after traumatic amputation.
In July 2004, the FDA approved leeches as a medical device in the area of plastic and reconstructive surgery [21] Nowadays, HT is being employed in the surgical field to treat venous congestions of microvascular replantations, reconstructive surgery and traumatology. In addition, leech therapy is used in neurology, dermatology, gynecology, and is giving good results in these areas as well [13] .
Basic Biology of Leeches
The medicinal leech (Hiruda medicinalis) is a segmented annelid belonging to Phylum: Annelida, Class: Clitellata and Subclass: Hirudinea (Lamark, 1818) [2, 13] . Leeches have two suckers, one on either extremity. The posterior suction cup helps it to move on dry surfaces and in attaching to its host; the anterior suction cup harbors a mouth and three sharp jaws. The bite looks like a Mercedes-Benz© symbol. Each of the three jaws has 100 teeth, for a total of 300 teeth [10] .
Medicinal leeches inhabit clean, fresh waters. Leeches swim around freely in water by undulating movements. Leeches are poikilotherms and can survive in the temperature range of 0ºC to 30ºC; however, rapid temperature changes may stress these animals to death. They breathe water dissolved or atmospheric oxygen through their general body surface. Oxygen requirements are minimal and do not suffocate even in nearly completely closed containers. Harmful substances, like chlorine in water, even in low doses cause death of leeches. Leeches secrete a mucous layer over their body surface under unfavorable and stress conditions; it can thus act as a stress indicator of leeches. Leeches periodically shed their skin. Leeches are "protandrous" -first males then females lay eggs in cocoons 1-9 months post-copulation -about 4 cocoons each containing about 15 eggs and about 60 offspring per year. Young leeches feed on the blood of small water animals, like frogs and fish [22] . They become ready for medicinal use after they are several years old.
Leeches usually remain attached to the host for 30 minutes to 6 hours for feeding, and during the course they get engorged with blood. It can suck about 5 to 15 ml of blood, but the bite continues to ooze for 4 to 24 hours [10] . Leech saliva contains several bioactive substances, including anticoagulants, vasodilators and anesthetics. Its saliva is rich in a potent anticoagulant -Hirudin. The benefits of leech therapy are mainly because of its salivary anticoagulants, vasodilators and anesthetics as well as by its blood feeding (phlebotomy).
Mode of action of Hirudotherapy
Leech therapy involves an initial bite, which is usually painless (leech saliva contains a mild anesthetic), and an attachment period lasting 20 to 45 minutes, during which the leech sucks between 5 and 15 ml of blood. Its main therapeutic benefits are not derived from the blood removed during the biting (although this may provide dramatic relief at first), but from the anticoagulant and vasodilator contained in the leech saliva. These properties permit the wound to ooze up to 50 ml of blood for up to 48 hours. Leech bites usually bleed for an average of six hours [23, 24] .
Salivary glands of a medical leech contain more than 100 bioactive substances and the salivary gland secretion has anti-edematous, bacteriostatic, and analgesic effects; it possesses resolving activity, eliminates microcirculation disorders, restores the damaged vascular permeability of tissues and organs, eliminates hypoxia (oxygen starvation), reduces blood pressure, increases immune system activity, detoxifies the organism by antioxidant pathways, relieves it from the threatening complications, such as infarct and strokes, and improves the bioenergetic status of the organism [12] . The molecules existing in leech saliva and the most studied to date include:
• Hirudin: An active principle in the salivary gland secretion of leeches, which acts as a potent anticoagulant (blood thinner). It inhibits blood coagulation by binding to thrombin [11, 12, [25] [26] [27] .
• Hyaluronidase (spreading factor): Facilitates the penetration and diffusion of pharmacologically active substances into the tissues, especially in joint pain and has antibiotic properties [11, 12, 16] .
• Calin: Inhibits blood coagulation by blocking the binding of the Von Willebrand factor to collagen. It inhibits collagen-mediated platelet aggregation [11, 12, 28] .
• Destabilase: Dissolves fibrin and has thrombolytic effects. [11, 12, 29 ] .
• Hirustasin: Inhibits kallikrein, trypsin, chymotrypsin, and neutropholic cathepsin G [11, 30, 31] .
• Bdellins: Anti-inflammatory effect and inhibits trypsin, plasmin and acrocin [11, 27] .
• Chloromycetyn: Potent antibiotic [31] .
• Tryptase inhibitor: Inhibits proteolytic en-zymes of host mast cells [11] .
• Eglins: Anti-inflammatory. They inhibit the activity of alpha-chymotrypsin, chymase, substilisin, elastase, and cathepsin G [11, 12, 27] .
• Factor Xa inhibitor: Inhibits the activity of coagulation factor Xa (very important role during the treatment of Osteo-arthritis and Rheumatoid arthritis) [12, 32, 33] .
• Anesthetic-like substances: Reduce pain during biting by a leech [6, 34] .
• Histamine-like substances: A vasodilator increases the inflow of blood at the bite site [12, 27, 35] .
• Complement inhibitors: Replace natural complement inhibitors if they are deficient.
• Carboxypeptidase-A inhibitors: Increase the inflow of blood [36, 37] .
• Acetylcholine: Vasodilator [27, 30, 38, 39] .
• Collagenase: Reduces collagen [12, 33] .
Procedure of Hirudotherapy
The area to be exposed to leeches should be cleaned with sterile distilled water. Leeches are then placed on the desired area. The animals normally start feeding immediately, although in rare cases the skin can be punctured with a sterile needle, so that oozing blood will stimulate the leeches to feed. The leech is placed on a given spot of the skin using a 5 ml syringe [40] . For this purpose, the plunger of the syringe is removed. The leech is placed in the barrel of the syringe and the open proximal end of the syringe is placed on the area to be treated. When the leech starts feeding, the syringe is removed [40] . Feeding usually lasts for 45-120 minutes, and during this time the leech is monitored. The patient should be regularly monitored during the therapy for various clinical parameters and infections or allergic reactions [24, 41] . After auto-detachment, the leeches are removed. Even after the detachment of the leech, blood continues to ooze from the attachment site of the leech for hours.
One to 5 leeches are used for each session of treatment, depending on the clinical case and purpose of the treatment [40] . The bite area is cleaned every 3-4 hours with a gauze sponge soaked in physiological saline, to remove any locally forming clots, and with a heparin-soaked (5,000 U/ml) gauze, to increase the time of blood oozing. Used leeches are not used again, even on the same patient [21] . The detached leech is killed in 70% ethyl alcohol and is disposed of in bags as biological waste [24, 42] .
Indications of Hirudotherapy
In the past, leeches were used for a variety of applications; their mechanism of action behind this therapy was obscure, and all that mattered was curing or relieving the problem. Today, the research studies concerning the active substances in leeches have given us a better understanding of how the therapy works and have increased their therapeutic use. HT may be applied to various diseases known nowadays, due to its anticoagulant, vasodilator, and thrombolytic, anti-inflammatory and anaesthetizing qualities [43] . Indications cited by medical practitioners of leech therapy are as follows:
• Inflammatory Reactions [5, 35] .
• Passive congestions and spastic conditions [5, 44, 45] .
• Plastic and reconstructive surgery [20, 21, [45] [46] [47] [48] [49] .
• Cardiovascular diseases [5, 11, 48, [50] [51] [52] [53] [54] .
• Hypertension [54, 55] .
• Varicose Veins. [54, 56] .
• Hemorrhoids [10] .
• Arthrosis, osteoarthritis, periarthritis and rheumatoid arthritis [12, 55] .
• Thrombophlebitis, thrombosis and embolism [57] .
• Hematomas [49] .
• External ear and chronic ear infections [55] .
• Eye diseases, including cataracts, glaucoma, traumatic injuries and inflammation [12] .
• Dental problems, like gingivitis, paradontitis, gingival edema and stomatorrhagia [12, 55] .
• Vertebrogenic Pain Syndromes [12] .
• GI tract -hepatitis, cholecystitis, pancreatitis, stomach ulcers [13, 55] .
• Chronic skin diseases, like scabies, psoriasis, eczematous dermatitis, and chronic ulcers [1, 12, 55] .
• Respiratory disorders -Asthma, acute rhinopharyngitis and spasmodic coryza [11, 16, 55] .
• Gynecological disorders -male and female sterility, endometriosis, parametritis, mastitis, fibromastopathy [12, 55] .
Contraindications of Hirudotherapy
HT cannot be employed in all the patients. The patients should be firstly examined for their health status. HT is not given under the following conditions:
• Absolute hemophilia [12, 13] • Anemia [12, 13] • Leukemia [12, 13] • Hypotonia [12, 13] • Pregnancy [12, 13] 
Applications of Hirudotherapy in Human Surgery
Modern leech therapy utilizing Hirudo medicinalis is based on sound scientific principles and has resulted in important patient care enhancements. Leech therapy is most often used in the settings of localized venous congestion associated with flap reconstructions and surgical replantations. Hirudotherapy has also been used to treat soft tissue swelling and hematomas in trauma [20, 21, [45] [46] [47] [48] [49] .
Arthritis: The leech's saliva assists in the treatment of arthritis [12, 55] . There are a number of substances and compounds in its saliva that help to reduce inflammation in a joint: some of these compounds are bdelins and eglins, acting as anti-inflammatories [11, 12, 27] . Apart from anti-inflammatory components, its saliva also has an anesthetic component that alleviates the pain felt in the joint and also contains a histamine-like substance that acts as a vasodilator [12, 38, 39] . Acetylcholine, another component of the leech's saliva, is also a vasodilator [38, 39] . This is important for the treatment of arthritis because as the vessels dilate, it increases the flow of blood, thus removing the compounds from the site, thereby relieving pain and inflammation.
Skin flap: Leeches are being employed in skin flap transplantations [19, 45, 46, 48] . As soon as the leeches attach themselves to the skin flap site, they begin to suck blood. During this, they also release a component called hirudin from their saliva [11, 12, [25] [26] [27] . This component is very vital for the inhibition of platelet aggregation and coagulation cascade. If these two detrimental complications continue to supervene in a skin flap, there will be marked venous congestion, which slows down the healing process of the skin graft. When venous outflow of the skin flaps is inadequate the flap becomes cyanotic and congested. The venous congestion further compromises the arterial circulation unless it is alleviated. Because of the presence of hirudin and the Factor Xa inhibitor in the leech's saliva, these processes are inhibited. Presence of the vasodilator component in their saliva further reduces venous congestion, promoting good blood flow into the skin flap. After continuous medicinal leech therapy, the skin flap soon turns warm and pinkish, indicating an adequate blood supply to the flap.
Venous congestion: Leech therapy has been proven to help patients suffering from venous diseases [5, 44, 45] . It can help reduce the pain and the swelling, due to varicose veins, and can help dissolve blood clots. However, leech therapy is not effective for diseases caused by insufficient valves and inadequate vessel dilation. The saliva of leeches is known to contain beneficial enzymes, which prevent blood from coagulating. Apart from this, there is also an enzyme that breaks up thrombi. These two properties function to make the blood thin, so that it flows freely in the veins. To further aid in this function, another enzyme acts as a vasodilator to allow better blood flow. A leech's saliva also has antibacterial properties [22] , which helps individuals who have open sores complicated by venous disease. Leech therapy is best used in conjunction with compression stockings, weight management, diet, and exercise.
Vascular diseases: Vascular disorders and diseases are now being cured by leech therapy [54] [55] [56] [57] [58] . Their saliva has over 100 bioactive substances that are very beneficial. One such component is hirudin, which acts as an anticoagulation agent [11, 12, [25] [26] [27] . Calin is another component that also inhibits blood coagulation [11, 12, 28] . A component that dissolves fibrin clots as well as inhibits the formation of thrombus is the destabilase [11, 12, 29] . Leech saliva also contains a Factor Xa inhibitor, and this compound restrains the coagulating effect of the coagulation Factor Xa [12, 32, 33] . It also has hyaluronidase that enhances the viscosity of the interstitial fluid [11, 12, 16] . For a vasodilating effect, it has acetylcholine and histamine-like substances as well as carboxypeptidase-A inhibitors [12, [36] [37] [38] [39] . These three can increase blood flow by dilating constricted vessels.
These are just some of the very useful components in leech saliva, which work in melieu to decrease the viscosity of the blood, so as to promote better flow. Blood that has a thick consistency makes it prone to clot formation as well as increases the blood pressure of an individual. These clots can travel to different parts of the body and can block a vessel, which could then cause a stroke or heart attack. Thick blood poses a risk that the distal extremities, especially the tips of the fingers and toes, will not receive adequate oxygenated blood and the nutrients they need. Therefore, the anticoagulation component in a leech's saliva is vital, as it naturally reduces viscosity of blood and works to inhibit platelet coagulation. As stated above, the saliva's vasodilating components dilate or widen the blood vessels, thereby promoting a better blood flow. With all these components working together, there will be a remarkable improvement in the vascular status of the patient.
Complications of Hirudotherapy
Excessive bleeding can occur with leech therapy; it can be controlled by applying direct pressure or topical thrombin [59] . Excessive blood loss may necessitate a blood transfusion, so patients should be informed of the possibility [60] . Allergic responses, including anaphylaxis, can also occur. Patients and their families should be alerted to watch out for and report allergy symptoms. Scarring may also occur, but is usually minimal.
The most serious complication of leech therapy is infection. The leech's digestive system contains Aeromonas hydrophila, a Gram-negative bacillus that enables the breakdown of ingested blood. Although most infections involving leech therapy are caused by A. hydrophila, infections with Serratia marcescens, A. sobria, and Vibrio fluvialis have been reported [60] [61] [62] . Infections can arise 2 to 11 days after therapy begins and can result in abscesses and cellulitis, which can progress in some cases to sepsis [61] . In a five-year retrospective study, Sartor and colleagues found that infections arose in 4.1% of patients who received leech therapy [63] . Prophylactic antibiotics are usually recommended: double coverage (two antibiotics) during therapy and single coverage (one antibiotic) for two weeks afterward [59] . An established infection is treated with antibiotics, such as third-generation cephalosporins, along with aminoglycosides, fluoroquinolones, tetracycline, or trimethoprim [61, 62] . Because infection is a serious adverse effect of leech therapy, the patient and family should also be instructed to observe for and report early signs and symptoms.
Future Prospects of Hirudotherapy Leech therapy has a long history, going from popular and well accepted, to falling out of favor and being thought of as an unscientific home remedy, to coming back into current medical practice with strong scientific support. Compared to other techniques of complementary and natural therapy, HT can be learned relatively quickly and can reduce the complications arising from the excessive use of synthetic drugs. Nowadays, research is being conducted in various fields to determine the therapeutic role of leeches in various disease conditions, like male and female sterility, diabetes, prostate diseases, asthma, lupus erythromatosis and many more. Recently, HT has been successfully employed for relieving symptomatic cancer pain [64] . In view of all the facts about HT, efforts should be made in optimizing the success of medicinal leech therapy in clinical and private practice.
